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(54) Shock absorber including collapsible energy absorbing element and releasable connection. 



(5?) A shock absorber is adapted to be disposed 
within a perforating gun string or within the 
tubing string above the perforating gun and 
includes an energy absorbing element adapted 
to absorb and store mechanical energy during 
detonation of the perforating gun and to perma- 
nently deform in response to the storage of the 
mechanical energy, the stored energy being 
released in the form of heat, and not in the form 
of kinetic energy. Therefore, following absorp- 
tion of the mechanical energy by the shock 
absorber, no further expansion of the shock 
absorber is experienced. The shock absorber 
includes an inner housing, an outer housing, a 
connection for interconnecting the inner and 
outer housing, and a break up charge for break- 
ing the connection and releasing the inner 
housing from the outer housing when the per- 
forating gun is detonated whereby the shock 
absorber is as strong as the tubing string before 
the connection is broken and is flexible after the 
connection is broken. The energy absorbing 
element may be a damping coil or it may be a 
honeycomb. The damping coil and honeycomb 
energy absorbing elements permanently de- 
form when mechanical energy is absorbed ; 



therefore, the stored mechanical energy is sub- 
sequently released in the form of heat and not in 
the form of kinetic energy. 
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BACKGROUND OF THE INVENTION 

The subject matter of the present invention 
relates to a shock absorber for a perforating gun, and 
more particularly, to a shock absorber incorporated in 
a perforating gun string which includes a collapsible 
energy absorbing element adapted to permanently 
deform when absorbing shock. 

Perforating guns are adapted to be disposed in a 
well bore for perforating a formation. Well fluids flow 
from the perforated formation. When the perforating 
gun fires, a shock is received in the tubing string 
above the perforating gun. A shock absorber is usu- 
ally incorporated in the tubing string above the per- 
forating gun for absorbing the shock. The shock 
absorber usually includes a spring which stores 
mechanical energy by compression in response to the 
shock and releases the mechanical energy by expan- 
sion following compression over a longer period of 
time such that the force exerted is reduced. Although 
this configuration absorbs mechanical energy 
associated with the shock, attempts to improve this 
shock abosrber have focused on achieving a 
smoother release of the mechanical energy from the 
spring coil shock absorber system following storage 
of the mechanical energy. However, the problem 
associated with the release of the mechanical energy 
could be eliminated entirely if the absorbing element 
in the shock absorber did not expand following com- 
pression but, instead, released the stored energy in a 
different form, such as heat. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present inven- 
tion to provide a new "single event" shock absorber 
which is adapted to be disposed in a tubing string 
above a firing head of a perforating gun. 

It is a further object of the present invention to pro- 
vide a new "single event" shock absorber which is 
also adapted to be disposed below a firing head of a 
perforating gun, or within the perforating gun string 
itself, in addition to being adapted for disposition 
within the tubing string above the firing head, thereby 
providing full bore access to the firing head. 

It is a further object of the present invention to pro- 
vide a new "single event" shock absorber for use in 
connection with a perforating gun, the "single event" 
shock absorber absorbing mechanical energy in res- 
ponse to detonation of the perforating gun; however, 
it subsequently releases the absorbed mechanical 
energy in the form of heat, and not in the form of kine- 
tic energy. 

It is a further object of the present invention to pro- 
vide the new single event shock absorber for use in 
connection with a perforating gun including a collaps- 
ible mechanical energy absorbing element, the 
energy absorbing element collapsing during absorp- 



tion of the mechanical energy, the absorbed mechani- 
cal energy being subsequently released In the form of 
heat, the collapse of the energy absorbing element 
preventing a subsequent release of the absorbed 

5 mechanical energy in the form of kinetic energy. 

It is a further object of the present invention to pro- 
vide the new single event shock absorber for use in 
connection with a perforating gun disposed on a tub- 
ing string, the shock absorber including a collapsible 

10 mechanical energy absorbing element and a break up 
charge, the break up charge breaking a connection 
within the energy absorbing element when the per- 
forating gun is being detonated but maintaining the 
connection within the energy absorbing element bel- 

15 ore detonation of the perforating gun, whereby the 
shock absorber is as strong as the tubing string before 
the breaking of the connection and the detonation of 
the perforating gun but is flexible for absorbing shock 
after the breaking of the connection within the energy 

20 absorbing element. 

It is a further object of the present invention to pro- 
vide a shock absorber adapted for absorbing 
mechanical energy including an inner housing, an 
outer housing, a connection between the inner and 

25 outer housings, and a break up charge adapted for 
producing a jet and breaking the connection between 
the inner and outer housings, the shock absorber 
appearing to be a string of full tensile strength before 
the connection between the inner and outer housings 

30 is broken and absorbing the mechanical energy 
thereby functioning as a flexible shock absorber alter 
the connection between the inner and outer housings 
is broken. 

It is a further object of the present invention to pro- 

35 vide the new shock absorber for use in connection 
with a perforating gun, the shock absorber including 
a collapsible mechanical energy absorbing element, 
the energy absorbing element being a collapsible 
honeycomb, the honeycomb having a plurality of hol- 

40 low interiors thereby allowing the honeycomb to col- 
lapse during absorption of the mechanical energy, the 
absorbed mechanical energy being released in the 
form of heat and not in the form of kinetic energy. 
It is a further object of the present invention to pro- 

45 vide the new shock absorber for use in connection 
with a perforating gun, the shock absorber including 
a collapsible mechanical energy absorbing element, 
the energy absorbing element being a collapsible 
damping coil, the coil having a hollow interior thereby 

50 allowing the coil to collapse during asorption of the 
mechanical energy, the absorbed mechanical energy 
being released in the form of heat and not in the form 
of kinetic energy. 

These and other objects of the present invention 

55 are accomplished and fulfilled by providing a shock 
absorber which is adapted to be incorporated either 
within a tubing string above a firing head of the per- 
forating gun, or below the firing head and within the 
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perforating gun string itself. The shock absorber 
includes an inner housing, an outer housing, a con- 
nection between the inner and outer housings, a col- 
lapsible energy absorbing element, such as a 
collapsible honeycomb or a collapsible damping coil, 5 
and a break up charge connected to a detonating cord 
which is further connected to the perforating gun, the 
break up charge being responsive to a detonation 
wave in the detonating cord for producing a jet and 
breaking the connection between the inner and outer 10 
housing, the energy absorbing element absorbing 
mechanical energy when the connection between the 
inner and outer housing is broken by the break up 
charge and permanently deforming in response to the 
absorption of the mechanical energy. The energy 15 
absorbing element has a hollow interior, and the ma- 
terial from which the absorbing element is made is 
designed to collapse and permanently deform in res- 
ponse to absorption of the mechanical energy. When 
the perforating gun detonates, the mechanical energy 20 
absorbing element collapses and permanently 
deforms thereby absorbing the mechanical energy 
released during the detonation. Subsequent release 
of the mechanical energy takes place in the form of 
heat, and not in the form of kinetic energy. 25 

Further scope of applicability of the present 
invention will become apparent from the detailed des- 
cription presented hereinafter. It should be under- 
stood, however, that the detailed description and the 
specific examples, while representing a preferred 30 
embodiment of the present invention, are given by 
way of illustration only, since various changes and 
modifications within the spirit and scope of the inven- 
tion will become obvious to one skilled in the art from 
a reading of the following detailed description. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

A full understanding of the present invention will 
be obtained from the detailed description of the pre- 40 
ferred embodiment presented herein below, and the 
accompanying drawings, which are given by way of 
illustration only and are not intended to be limitative 
of the present invention, and wherein: 

figure 1 illustrates an optimum theory associated 45 
with shock absorption in a perforating gun string; 
figure 2a illustrates a perforating gun including a 
firing head disposed on an end of a tubing string, 
and an energy absorbing element shock absorber 
disposed below the firing head within the perforat- 50 
ing gun; 

figure 2a(1) illustrates the shock absorber of fig- 
ure 2a in greater detail; 

figure 2b illustrates a perforating gun including a 
firing head disposed on an end of a tubing string, 
and an energy absorbing element shock absorber 
disposed above the firing head of the perforating 
gun; 



figure 3 illustrates an energy absorbing element 
adapted to be disposed within the shock absor- 
ber; 

figure 4 illustrates a novel shock absorber in 
accordance with the present invention adapted to 
be incorporated below a perforating gun firing 
head and within a perforating gun string, the 
shock absorber including a damping coil 
mechanical energy absorbing element; and 
figures 4, 5a, 5b illustrate the shock absorber 
adapted to be incorporated within a perforating 
gun string, disposed in a shock absorbing condi- 
tion existing before, during and after detonation of 
the perforating gun; 

figure 6 illustrates a further novel shock absorber 
in accordance with another embodiment of the 
present invention adapted to be incorporated 
above a perforating gun firing head and within a 
tubing string, the shock absorber including a hon- 
eycomb mechanical energy absorbing element; 
figure 6a illustrates a cross-section of the shock 
absorber of figure 6, taken along section lines 6a- 
6a of figure 6; and 

figure 7 illustrates a plurality of graphs offeree vs 
displacement for various types of energy absorb- 
ing shock absorbers. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Perforating guns are utilized in well logging for 
perforating a formation traversed by a borehole, weli 
fluids being produced from the perforated formation. 
The perforating guns contain shape charges; when 
the shape charges detonate, the formation is perfo- 
rated; however, a shock is generated from the gun, 
the shock propagating up the guns string. In order to 
reduce the severity of the shock, shock absorbers are 
usually incorporated within the tubing string above the 
perforating gun. All such shock absorbers to date 
absorb mechanical energy and subsequently release 
the mechanical energy in the form of kinetic energy. 
It has been important to carefully analyze the release 
of mechanical energy since an abrupt release of the 
mechanical energy may produce still another shock. 

Typical prior art shock absorbers store mechani- 
cal energy during absorption of a shock and subse- 
quently release the mechanical energy in the form of 
kinetic energy. For example, in a standard spring 
shock absorber, the mechanical energy is stored dur- 
ing compression of the spring and is released in the 
form of kinetic energy during expansion of the spring. 
Shock severity may be reduced by storage of the input 
energy and its release in a "smoother" form over a 
longer period of time. 

For example, referring to figure 1, the energy 
input "IN" to a shock absorber system is shown by the 
first energy pulse, and the energy released "OUT" 
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from the shock absorber system is shown by the sec- 
ond energy puise. Note thai the second energy puise 
"OUT" illustrates a relatively fiat amplitude pulse, the 
amplitude of the second pulse being smaller than the 
amplitude of the first puise thereby indicating a 5 
release of the mechanical energy in a smoother form 
over a longer period of time. 

Shock absorbers of the prior art released their 
stored mechanical energy in the form of kinetic 
energy. Improvements to the shock absorbers of the 10 
prior art have primarily involved generating a 
smoother release of the stored mechanicai energy in 
the form of kinetic energy. However, the shock absor- 
ber of the present invention utilizes a different princi- 
ple of operation; that is, it is a "single event" shock 15 
absorber, one which receives mechanical energy dur- 
ing energy absorption but does not subsequently 
release the stored mechanical energy in the form of 
kinetic energy; instead, it releases the stored 
mechanical energy in the form of heat. This permits 20 
the shock absorber to be incorporated within the per- 
forating gun string as well as within the tubing string 
above the perforating gun. 

Referring to figures 2a and 2a(1), a shock absor- 
ber in accordance with the present invention is dis- 25 
posed below a firing head of a perforating gun and 
within the perforating gun string. 

In figure 2a, a perforating gun 30 is connected to 
one end of a tubing string 32 in a borehole and an iso- 
lation packer 34 is disposed within the tubing string 32 30 
above the perforating gun 30; when the packer 34 is 
set, an interval between the tubing string and a wall 
of the borehole above the packer is isolated from an 
interval between the tubing and the wall of the 
borehole below the packer. A gun release sub 50, a 35 
debris circulating sub 52, a drop bar firing head 
assembly 36, and a "single event" shock absorber 
assembly 38 are disposed between the perforating 
gun 30 and the isolation packer 34 on the tubing 32. 
The tiring head assembly 36 is disposed above the 40 
perforating gun 30, and the "single event" shock 
absorber assembly 38, in accordance with the present 
invention, is disposed below the tiring head 36 and 
within the perforating gun 30 (and not with in the tubing 
string above the firing head). In figure 2a(1), the shock 45 
absorber assembly 38 contains an energy absorbing 
element (not shown) disposed within a space 38a of 
the shock absorber 38, the energy absorbing element 
storing mechanical energy during shock absorption, 
and subsequently releasing the stored enengy in the 50 
form of heat (not kinetic energy). As a result, since the 
shock absorber 38 is not located above the firing head 
36 within the tubing string 32, full bore access to the 
firing head 36 is available to a user at the well surface. 

Referring to figure 2b, a shock absorber in 55 
accordance with the present invention is disposed 
above a firing head of a perforating gun and within the 
tubing string. 



In figure 2b, a perforating gun 30 is connected to 
one end of a tubing string 32 in a borehole and an Iso- 
lation packer 34 is disposed within the tubing string 32 
above the perforating gun 30; when the packer 34 is 
set, an interval between the tubing string and a wall 
of the borehole above the packer is isolated from an 
interval between the tubing and the wall of the 
borehole below the packer. A "single event" shock 
absorber 38, a gun release sub 50, a debris circulating 
sub 52, and a drop bar firing head assembly 36 are 
disposed between the packer 34 and the perforating 
gun 30 on the tubing 32. The "singie event" shock 
absorber assembly 38 of the present invention is dis- 
posed above the firing head 36 of perforating gun 30 
and between the gun release sub 50 and the packer 
34 within the tubing 32. Since the shock absorber 38 
is a "single event" type, it can be equally effective, 
relative to the shock absorber of figure 2a, in absorb- 
ing shock when disposed above the firing head 36 
within the tubing string 32. The shock absorber of fig- 
ure 2b also includes a space 38a in which a "single 
event" energy absorbing element is disposed. The 
term "single event" connotes the absorption of 
mechanicai energy resultant from a shock produced 
during detonation of the perforating gun, but not the 
release of the stored mechanical energy in the form 
of kinetic energy. 

Referring to figure 3, one embodiment of a "single 
event" energy absorbing element, adapted to be dis- 
posed within space 38a of figure 2a(1), is illustrated. 
In figure 3, the energy absorbing element comprises 
a hollow damping coil 18. When a compressive force 
is applied to both of the ends of the hollow coil 18, the 
hollow coil 18 will permanently deform. The coil 18 will 
not expand following compression; therefore, the 
stored mechanical energy is not subsequently 
released in the form of kinetic energy; rather, the 
stored energy will be released in the form of heat. 

Referring to figure 4, a detailed construction of 
the shock absorber 38 of figure 2a, designed to be fit 
below the firing head assembly 36 and within the per- 
forating gun 30, is illustrated. 

In figure 4, the shock absorber 38 of figure 2a, in 
accordance with one embodiment of the present 
invention, comprises an outer housing 10 having one 
end including a first inwardly disposed transverse 
member 10a; an Inner housing 12 which includes a 
second transvere member 12a transversely disposed 
with respect to the inner housing 12 and having a sur- 
face in contact with an inner surface of the outer hous- 
ing 10; a joining member 14 which joins the outer 
housing 10 to the inner housing 12, the joining mem- 
ber 14 including a inner piece 14a forming an intergral 
part of the inner housing 12, an outer piece 14b having 
one end integrally joined to the inner piece 14a, and 
a third transverse member 14c integrally joined to the 
other end of the outer piece 14b, the third transverse 
member 14c contacting an inner surface of the outer 
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housing 10. A first space is defined between the inner 
housing 12 and the outer housing 10 by the first 
inwardly disposed transverse member 10a of the 
outer housing 10 and the second transverse member 
12a of the inner housing 12; a first energy absorbing 5 
element 16, otherwise termed a damping coil 16, is 
disposed within the first space. A second space is 
defined between the inner housing 12 and the outer 
housing 10 by the second transverse member 12a of 
the inner housing 12 and the third transverse member 10 
14c of the joining member 14; a second energy 
absorbing element, or damping coil, 18 is disposed 
within the second space. The tirst and second damp- 
ing coils 16 and 18 may each be made of aluminum 
or stainless steel. Each damping coil 1 6 and 1 8 has a 1 s 
hollow interior such that the damping coil will collapse 
and permanently deform when a compressive force of 
a predetermined magnitude is applied to the coil. 

A break up shape charge 20 is disposed within 
the inner housing 12, and a detonating cord 22 passes 20 
through the center of the break up charge 20. As will 
be more apparent with reference to figures 5a-5b, the 
breakup shape charge 20 detonates when a deto- 
nation wave propagates along the detonating cord 22 
and through the shape charge 20, the shape charge 25 
20 severing the inner piece 14a of the joining member 
1 4 into two parts thereby separating the inner housing 
12 from the outer housing 10. Before the inner hous- 
ing 12 is separated from the outer housing 10 by the 
shape charge 20, the shock absorber 38 is as strong 30 
as the tubing string 32; however, after the inner hous- 
ing 12 is separated from the outer housing 10 by the 
break up shape charge 20, the shock absorber 38 is 
as flexible as any other shock absorber and therefore 
functions as a shock absorber. 35 

A functional description of the shock absorber 38 
of figures 2a, 2a(1) and figure 4 will be set forth in the 
following paragraphs with reference to figures 4, 5a 
and 5b of the drawings. 

In figures 4, 5a, 5b, the shock absorber is incor- 40 
porated below firing head 36 within a perforating gun 
string. The perforating gun 30 includes a plurality of 
shape charges. In figure 4, the shock absorber is 
shown before detonation of the shape charges dis- 
posed within the perforating gun; in figure 5a, the 45 
shock absorber is shown during detonation of the 
charges; and, In figure 5b, the shock absorber is 
shown after detonation of the perforating gun 
charges. 

In figure 4, the shock absorber is shown undistur- 50 
bed, since a detonation wave has not yet propgated 
along detonating cord 22, and none of the shape 
charges of the perforating gun have detonated. 

In figure 5a, a detonation wave propagates along 
detonating cord 22 indicating that the plurality of 55 
shape charges in the perforating gun are either deto- 
nating or are about to detonate, when the detonation 
wave passes through the center of the break up 



charge 20 in figure 5a, the charge 20 cuts the joining 
member 14 into two pieces (e.g., severs the inner 
piece 14a into two pieces) thereby separating the 
inner housing 12 from the outer housing 10. In figure 
5a, the breakup charge 20 is shown cutting the joining 
member 14 into two pieces, but the shock from the 
detonation of the perforation gun has not yet been 
received. 

In figure 5b, the joining member 14 has been cut, 
the inner piece 14a being shown as separated from 
the outer piece 14b of the joining member 14. As a 
result, inner housing 12 is separated from outer hous- 
ing 10. In addition, a shock from the detonated per- 
forating gun has been received, the shock causing the 
inner housing 12 to move upwardly in figure 5b rela- 
tive to the outer housing 10. The second transverse 
member 12a of the inner housing 12 moves toward 
the third transverse member 14c of the joining mem- 
ber 14 thereby crushing the second damping coil 18 
disposed within the second space. As a result, the 
second damping coil 1 8 has collapsed and is now per- 
manently deformed. Although mechanical energy 
was stored in the damping coil 18 during compres- 
sion, since the damping coil 18 has collapsed and is 
permanently deformed, no expansion of the coil 18 
will occur; therefore, the mechanical energy is not 
released in the form of kinetic energy; rather, it is 
released in the form of heat. 

Referring to figures 6 and 6a, a detailed construc- 
tion of the shock absorber 38 of figure 2b, designed 
to be fit above the firing head assembly 36 within the 
tubing string 32, is illustrated. 

while the shock absorber 38 of figures 4, 5a, 5b 
was designed to fit below the firing head 36 and within 
the perforating gun 30, the shock absorber 38 of figure 
6 is designed to fit within the tubing string 32 above 
the firing head 36. The only other significant differ- 
ence between the shock absorber 38 of figures 4, 5a 
and 5b and the shock absorber 38 of figure 6 is the 
specific structure of the energy absorbing element 
adapted to fit within space 38a of figure 2a(1). 
Whereas the damping coil 18 of figure 4 was the 
energy absorbing element used in connection with the 
shock absorber of figures 4, 5a and 5b, a corrugated 
honeycomb 40 is the energy absorbing element used 
in connection with the shock absorber of figure 6. 

Figure 6a illustrates the cross-sectional structure 
of the honeycomb 40 of figure 6, figure 6a being a 
cross section of the shock absorber 30 of figure 6, 
taken along section lines 6a-6a of figure 6. In figure 
6a, note the "corrugated" structure of the honeycomb 
energy absorbing element 40 of figure 6. in fact, there 
are a plurality of layers of the corrugated structure 40 
in figure 6a, each corrugated layer being disposed on 
top of its adjacent corrugated layer, the plurality of 
corrugated layers 40 collectively comprising the hon- 
eycomb energy absorbing element adapted to fit 
within space 38a of the shock absorber 38 of figure 
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2b. When the perforating gun charges detonate, the 
honeycomb 40 energy absorbing element absorbs 
mechanical energy and permanently deforms, the 
deformation being the same as that illustrated in fig- 
ure 5b. Mechanical energy is absorbed and stored 5 
during the deformation of honeycomb 40; however, 
the stored energy is released in the form of heat, and 
not in the form of kinetic energy. 

Referring to figure 7, a plot of force vs. displace- 
ment for various types of energy absorbing elements 1 o 
disposed in a shock absorber is illustrated, the energy 
absorbed by a particular energy absorbing element 
being equal to the area under its curve. In figure 7, a 
prior art rubber elastomer energy absorbing element 
is illustrated as having the worst energy absorption, 15 
since the area under its curve is the least as compared 
to a spring element, a damping coil element and a 
honeycomb element. The honeycomb energy absorb- 
ing element 40 possesses the best energy absorption 
since it has the largest area under its curve and exhi- 20 
bits the lowest reaction force for a given energy 
absorption. The damping coil energy absorbing ele- 
ment 18 possesses the next best energy absorption. 

The invention being thus described, it will be obvi- 
ous that the same may be varied in many ways. Such 25 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and ali such mod- 
ifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the fol- 
lowing claims. 30 



Claims 

1 . A shock absorber adapted to include a detonating 35 
cord for receiving and absorbing mechanical 
energy resultant from a shock, a detonation wave 
propagating in said detonating cord, comprising: 

an outer housing; 

an inner housing: 40 

connection means for connecting the inner 
housing to the outer housing; 

break up means responsive to said deto- 
nation wave propagating in said detonating cord 
for breaking said connection means, the inner 45 
housing being released from said outer housing 
when the connection means is broken; and 

collapsible energy absorbing element 
means responsive to the mechanical energy for 
absorbing the mechanical energy and perma- 50 
nently deforming, the energy absorbing element 
means releasing the absorbed mechanical 
energy in the form of heat and not in the form of 
kinetic energy. 

55 

2. The shock absorber of claim 1 , wherein the col- 
lapsible energy absorbing element means 
absorbs the mechanical energy and permanently 



deforms when the inner housing is released from 

the outer housing in response to the breaking of 
said connection means. 

3. A shock absorber for receiving and absorbing 
mechanical energy resultant from a shock, com- 
prising: 

an outer housing; 
an inner housing: 

connection means for connecting the inner 
housing to the outer housing; and 

break up means for breaking said connec- 
tion means, the inner housing being released 
from said outer housing when the connection 
means is broken. 

4. A perforating gun including a detonating cord and 
adapted for detonating and generating mechani- 
cal energy in response to a detonation wave 
propagating through said detonating cord, com- 
prising: 

shock absorber means for absorbing the 
mechanical energy and releasing the absorbed 
mechanical energy in the form of heat and not in 
the form of kinetic energy, said shock absorber 
means including, 

an outer housing; 

an inner housing: 

connection means for connecting the inner 
housing to the outer housing; 

break up means responsive to said deto- 
nation wave propagating in said detonating cord 
for breaking said connection means, the inner 
housing being released from said outer housing 
when the connection means is broken; and 

collapsible energy absorbing element 
means for absorbing the mechanical energy and 
permanently deforming during detonation of the 
perforating gun, the energy absorbing element 
means releasing the absorbed mechanical 
energy in the form of heat and not in the form of 
kinetic energy. 

5. A well apparatus including a tubing string, the tub- 
ing string receiving mechanical energy in res- 
ponse to a shock, comprising: 

energy absorbing means connected to 
said tubing string for receiving said mechanical 
energy and storing the mechanical energy the- 
rein, the stored mechanical energy not being sub- 
sequently released in the form of kinetic energy, 
the energy absorbing means including, 

an outer housing; 

an inner housing: 

connection means for connecting the inner 
housing to the outer housing; and 

break up means for breaking said connec- 
tion means, the inner housing being released 
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from said outer housing when the connection 
means is broken. 

The well apparatus of claim 5, wherein the energy 
absorbing means further comprises collapsible 5 
means disposed between the inner and outer 
housing for collapsing and permanently deform- 
ing when storing the mechanical energy. 

A method practiced by a shock absorber adapted 10 
to be connected to a well apparatus for absorbing 
shock, the shock absorber including an energy 
absorbing element, comprising the steps of: 

breaking a connection between an outer 
housing and an inner housing of said shock 15 
absorber in response to said shock, the inner 
housing being released from the outer housing 
when the connection is broken; 

receiving said shock in said energy 
absorbing element of said shock absorber; 20 

storing mechanical energy associated with 
said shock in said energy absorbing element; and 

subsequently releasing the stored energy 
in the form of heat and not in the form of kinetic 
energy. 25 



housing to the outer housing, and 

break up means responsive to said deto- 
nation wave propagating in said detonating cord 
for breaking said connection means, the inner 
housing being released from said outer housing 
when the connection means is broken. 



1 0. A well apparatus adapted to be disposed in a well- 
bore including a shock absorber for absorbing 
mechanical energy resultant from a shock, said 
shock absorber comprising: 

collapsible energy absorbing element 
means responsive to the mechanical energy for 
absorbing the mechanical energy, collapsing, 
and permanently deforming, the energy absorb- 
ing element means releasing the absorbed 
mechanical energy in the form of heat and not in 
the form of kinetic energy. 



8. A tubing string connected to a perforating gun 
apparatus, the perforating gun apparatus includ- 
ing a detonating cord, a detonation wave propa- 
gating through said detonating cord, said 30 
perforating gun apparatus adapted for detonating 
and generating mechanical energy when said 
detonation wave propagates through said deto- 
nating cord, the tubing string comprising: 

shock absorber means for absorbing the 35 
mechanical energy, the shock absorber means 
including, 

an outer housing, 

an inner housing, 

connection means for connecting the inner 40 
housing to the outer housing, and 

break up means responsive to said deto- 
nation wave propagating in said detonating cord 
for breaking said connection means, the inner 
housing being released from said outer housing 45 
when the connection means is broken. 



9. A perforating gun apparatus including a detonat- 
ing cord and adapted for detonating and generat- 
ing mechanical energy, a detonation wave so 
propagating through said detonating cord, com- 
prising: 

shock absorber means for absorbing the 
mechanical energy, the shock absorber means 
including, ss 

an outer housing, 

an inner housing, 

connection means for connecting the inner 
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(54) Shock absorber including collapsible energy absorbing element and releasable connection. 



LU 



(57) A shock absorber (38) is adapted to be dis- 
posed within a perforating gun string (32) or 
within the tubing string above the perforating 
gun (30) and includes an energy absorbing 
element (16,18) adapted to absorb and store 
mechanical energy during detonation of the 
perforating gun and to permanently deform in 
response to the storage of the mechanical ener- 
gy, the stored energy being released in the form 
of heat, and not in the form of kinetic energy. 
Therefore, following absorption of the mechani- 
cal energy by the shock absorber, no further 
expansion of the shock absorber is experi- 
enced. The shock absorber includes an inner 
housing (12), an outer housing (10), a connec- 

finn ( AA\ fr\r intorrrinnor-finn tho inner smrl outer 
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housing, and a break up charge (20) for break- 
ing the connection and releasing the inner 
housing from the outer housing when the per- 
forating gun is detonated whereby the shock 
absorber is as strong as the tubing string before 
the connection is broken and is flexible after the 
connection is broken. The energy absorbing 
element (16,18) may be a damping coil or it may 



be a honeycomb. The damping coll and honey- 
comb energy absorbing elements permanently 
deform when mechanical energy is absorbed ; 
therefore, the stored mechanical energy is sub- 
sequently released in the form of heat and not in 
the form of kinetic energy. 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 488 875 A3 




BP 0 488 875 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 91 40 3183 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X 
Y 



Y 
A 



i 



Citation of document with indication, where appropriate, 
of relevant 



US-A-3 856 335 (A.BLAKE) 
* column 2, line 48 - line 59 * 



US-A-4 905 759 (D.S. WESSON ET AL.) 

* column 6 t line 1 - line 49; figure 4 * 



Relevant 
to claim 



10 

1,4 

3,5 

1,4 

8,9 



CLASSIFICATION OF THE 
APPLICATION qnt. Cl.S ) 

E21B17/07 
F16F7/12 



US-A-3 511 345 (M.TAKAMATSU ET AL.) 

* column 1, line 43 - line 49 * 

* column 1, line 64 - line 70 * 

US-A-4 227 593 (R. J .BRICMONT ET AL.) 

* column 1, line 34 - line 49 * 

PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 164 (M-313)(1601) 28 July 1984 

& JP-A-59 58 245 ( TOSHIBA K.K ) 3 April 

1984 

* abstract * 



The present search report has been <fc*awn up for all claims 



TECHNICAL FIELDS 
SEARCHED (Int. CI. 5 ) 



E21B 
F16F 
F16L 



Place of tearck 

THE HAGUE 



Dale of cnirptetloi of the search 

02 FEBRUARY 1993 



RAMPELMANN K 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



